Introduction
============

Combined spinal epidural anesthesia (CSE) is now in widespread use because it can reduce or eliminate some of the disadvantages of spinal and epidural anesthesia while also preserving their advantages. It offers the speed of onset, efficacy, and minimal toxicity of a spinal block combined with the potential of improving an inadequate block or prolonging the duration of anesthesia with epidural supplements, and extending the analgesia into postoperative period \[[@B1]\]. These advantages make the CSE useful to surgical anesthesia in total knee replacement arthroplasty (TKRA). However, patients undergoing TKRA are usually elderly, and they often have concomitant diseases that compromise cardiovascular and pulmonary function and spinal stability. On occasion, the anatomical deformity caused by a degenerative change of the vertebral column or by morbid obesity, the uncompensated hemodynamic response to CSE-induced physiologic changes resulting from severely decreased cardiac function, and the antiplatelet and anticoagulant therapy preventing ischemic cardiac events make CSE inappropriate to surgical anesthesia for TKRA \[[@B2]\]. These factors even prevent general anesthesia practices from being conducted \[[@B3]\]. With the presence of these factors, alternative anesthetic techniques are needed to perform TKRA. There are many reports about femoral/sciatic nerve block as a postoperative analgesia after TKRA, but few reports about femoral/sciatic nerve block as surgical anesthesia. We therefore compared the efficacy of femoral/sciatic nerve block with lateral femoral cutaneous nerve block (FSNB) and CSE during the perioperative period.

Materials and Methods
=====================

After obtaining approval from the institutional review board, and informed consent, the observational study was carried out on 84 consecutive patients undergoing elective unilateral TKRA. The anesthetic technique used was based on surgeon, anesthesiologist, and/or patient preference. All TKRAs were performed under CSE (n = 42) or FSNB (n = 42).

In the CSE group, the epidural space below L2 was identified using a loss of resistance to saline. Next, an extra long 27-gauge pencil-point spinal needle was introduced through the Tuohy needle. When correct placement of the spinal needle had been confirmed by free flow of cerebrospinal fluid (CSF), 1.3 ml of 0.5% hyperbaric bupivacaine was injected, and the spinal needle was then withdrawn. After withdrawing the spinal needle, 10 ml of 0.75% ropivacaine was injected, and a catheter was introduced, about 4-5 cm into the epidural space through the Tuohy needle.

In the FSNB group, femoral nerve block was performed using Winnie\'s technique. Following contraction of the quadriceps femoris muscle and movement of the patella with 0.5 mA at 1 Hz using nerve stimulator, 20 ml of 1.5% mepivacaine were injected. The lateral femoral cutaneous nerve block was performed by the injection of 5 ml of 1.5% mepivacaine, 2.5 cm medial, and 2.5 cm caudal to the anterior superior iliac spine. The sciatic nerve block was based on Labat\'s technique. After contractions of the gastrocnemius (foot plantar flexion) and/or tibialis anterior (foot dorsi-flexion) using a stimulus of 0.5 mA at 1 Hz, 20 ml of 1.5% mepivacaine were injected. Urinary catheters were placed in all patients and were continued until 48 hours postoperatively.

In the event of an incomplete blockade, intravenous injection of 30 mg of ketorolac, 100 µg of fentanyl, and a continuous infusion of propofol (3 mg/kg/hr) with 1 mg/kg of bolus were used sequentially for additional analgesia as common practice in our institution. If systolic blood pressure and heart rate were decreased below 100 mmHg and 50 bpm, 10 mg of ephedrine and 0.5 mg of atropine were administered, respectively. In the event of shivering, 25 to 50 mg of meperidine was administered intravenously, and intravenous administration of ondansetron (4-8 mg) or ramosetron (0.1-0.2 mg) was used when the patient complained of nausea or vomiting. At the end of surgery, the epidural catheter in the CSE group was removed, and intravenous patient-controlled analgesia (IV PCA) composed of 1,000 µg of fentanyl, 150 mg of ketorolac, and 0.3 mg of ramosetron, with a total volume of 100 ml, was initiated for postoperative analgesia, without any supplemental blockades, and was maintained for 48 hours. And the IV PCA settings were a bolus of 1 ml, a lockout interval of 15 minutes with no limit, and 2 ml/hr of background infusion.

For each group, time from the start of drape for anesthetic procedure to the end of local anesthetic injection (preparation time), duration of surgery and time elapsed from the end of local anesthetic injection to the end of the surgery (total anesthetic time) were described. In addition, intraoperative side effects, such as hypotension (systolic blood pressure \< 100 mmHg), bradycardia (\< 50 bpm), shivering, nausea/vomiting, for example, and frequency of use of intraoperative medications for managing these side effects were also described. Postoperatively, all the patients were tracked to determine the time lasting from the end of local anesthetic injection to complete resolution of sensory and motor block (complete resolution time), the rate of satisfaction with the surgical anesthesia and the postoperative analgesia, where 0 means extremely dissatisfied and 100 means extremely satisfied, the willingness to recommend the same surgical anesthesia and postoperative analgesia to others, duration of IV PCA use, and remaining amount of IV PCA. And visual analog scale (VAS) pain scores, where 0 indicates \"no pain\" and 10 indicates \"strongest pain imaginable\", and postoperative side effects (dizziness, sedation, postoperative nausea/vomiting, and pruritus) were assessed simultaneously 1, 2, 6, 12, 24, and 48 hours after surgery.

Statistical analyses were performed using SPSS software (version 14.0, SPSS Inc, IL, USA). All data are expressed mean ± SEM or number of patients. Student two tailed t-tests were used to compare the rate of satisfaction with the surgical anesthesia and the postoperative analgesia and other quantitative variables such as age, height, weight, a dose of medications, durations, and complete resolution time between the two groups. The willingness to recommend the same surgical anesthesia and postoperative analgesia to others, intraoperative and postoperative side effects, the frequency of use of intraoperative medications, and other categorical variables were analyzed using the Pearson\'s Chi-square test. The statistical significance of differences between the VAS scores at the different time points was tested, first using repeated-measures analysis of variance, and, then, with post hoc Student two tailed t-tests where appropriate, using the Bonferroni correction for multiple comparisons. A significant difference was acknowledged if the probability of a type 1 error was \< 5% (i.e., P \< 0.05).

Results
=======

Eighty-four patients were included in this study in which two patients in the CSE group and two patients in the FSNB group required general anesthesia because of failure of the anesthetic technique. These four patients were excluded from the study. Thus, the success of providing adequate anesthesia was 95.2% (40 patients) in the two groups. There were no significant differences between the two groups in terms of demographic data (sex, weight, and height), American Society of Anesthesiologists (ASA) physical status, site of surgery, preparation time, duration of surgery, and total anesthetic time, though actual age was higher in the FSNB group (67.4 versus 71.8, respectively, P = 0.018) ([Table 1](#T1){ref-type="table"}).

Intraoperatively, the number of patients who required additional analgesia or sedation using intravenous administration of ketorolac, fentanyl, midazolam, and bolus propofol was significantly higher in the FSNB group compared with the CSE group. However, there were no significant differences between the number of patients requiring propofol infusion, antiemetics, and antihypertensives, except nicardipine. No severe events, such as systemic toxicity of local anesthetics, total spinal anesthesia, or cardiac arrest were reported in any of the patient. There was no difference in frequency of complications between the two groups (P \> 0.05). Nevertheless, hypotension (eight patients in the CSE group and four patients in the FSNB group) and bradycardia (four patients in the CSE group and one patient in the FSNB group) occurred in each group. The incidences of each side effect for the postoperative 48 hours are presented in [Table 2](#T2){ref-type="table"}. No patient had pruritus or sedation postoperatively. No significant differences of the incidences of dizziness and postoperative nausea/vomiting were found between the two groups. Complete resolution time, duration of IV PCA use, and remaining amount of IV PCA were comparable between the two groups ([Table 3](#T3){ref-type="table"}).

No difference was noted between the groups in terms of the rate of satisfaction with the surgical anesthesia and the postoperative analgesia, and the willingness to recommend the same surgical anesthesia and postoperative analgesia to others ([Fig. 1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}). There were no significant changes in VAS scores during the postoperative period in each group (P \> 0.05). There was also no statistical difference of pain scores between the two groups (P \> 0.05) ([Fig. 3](#F3){ref-type="fig"}).

Discussion
==========

In the past, lower extremity peripheral nerve blocks were seldom the anesthetic procedure of choice for patients undergoing total joint replacement, primarily because of anesthesiologists\' lack of experience in performing these procedures. These blocks are an excellent anesthetic option for patients who are not candidates for spinal or epidural anesthesia, because septic or anticoagulated patients may safely receive peripheral blocks. Additionally, patients with disease processes that make the hemodynamically significant sympathectomy seen with neuraxial anesthesia unsafe can undergo a lower extremity nerve block without significant risk of hemodynamic instability. Further, severe neurological complications (spinal hematoma, cauda equina syndrome) after central neural blockade are rare events \[[@B4]\] but should be considered when choosing a safe method for surgical anesthesia or postoperative analgesia. Peripheral nerve damage can occur after peripheral nerve block, but the consequences are not as grave \[[@B5]\]. These benefits of lower extremity peripheral nerve block justify its use as an alternative anesthesia in patients undergoing TKRA.

The afferent information of the knee is carried by the lumbar plexus innervating the anterior thigh and medial malleolus, and the sacral plexus innervating the posterior regions of the thigh and knee and some parts of the leg and foot \[[@B6]\]. The lumbar plexus includes the femoral nerve (L2-L4), the obturator nerve (L2-L4), and the lateral femoral cutaneous nerve (L2-L3). And the sacral plexus includes the sciatic nerve \[[@B6],[@B7]\]. Femoral nerve blocks do not reliably cover the obturator nerve \[[@B8]-[@B10]\] and addition of obturator nerve blocks improves postoperative analgesia after TKRA \[[@B11],[@B12]\]. Although Eifert et al. \[[@B13]\] showed that 700 mg of mepivacaine without epinephrine in the combined \"3-in-1\"/sciatic nerve blocks made 3.91 ± 0.95 µg/ml, which is below the threshold for toxic symptoms (5-6 µg/ml), we were reluctant to perform the obturator nerve block in our study where approximately 700 mg of mepivacaine were used for FSNB since there are no convincing evidence that dosage over 700 mg is safe from systemic toxicity of local anesthetics.

Accordingly, the quality of surgical anesthesia in the FSNB group was thought to be unreliable in that the use of intraoperative antihypertensives, analgesics, and sedatives was more frequent (P \< 0.05) in the FSNB group than in the CSE group, possibly because of an insufficient blockade of the obturator nerve. In some patients in the FSNB group, analgesia was adequate until a specific time, after which discomfort occurred when the surgeon started hammering for the purpose of fitting prosthesis to the bones. Intravenous midazolam and/or propofol with a secure airway were effective in providing sedation in these patients. The slightly higher rate of satisfaction with surgical anesthesia in the FSNB group (though nonsignificantly, P = 0.078), and no significant difference of the willingness to recommend the same surgical anesthesia to others between the two groups support the effectiveness of the intravenous midazolam and/or propofol in supplementing the insufficient block of the obturator nerve.

Pain after TKRA is marginally treated with IV PCA. After TKRA, VAS scores range from 40-80 (of 100) during the immediate postoperative period and slowly decline by the first operative day \[[@B14]-[@B16]\]. In this study, it can be assumed that the effects of single-injection blockades of the two groups lasted for over 2 hours postoperatively, when total anesthetic time was subtracted from the complete resolution time (165.8 ± 16.24 in the CSE group and 126.0 ± 27.70 in the FSNB group, P = 0.208). No significant change in postoperative VAS scores suggests that IV PCA provided appropriate analgesia during the period when residual effects of the initial blockades were fading out. In addition, no significant differences in duration of IV PCA use and remaining amount of IV PCA representing the postoperative analgesic consumption, postoperative VAS score of each postoperative hour, the rate of satisfaction with postoperative analgesia, and willingness to recommend the same postoperative analgesia to others between the two groups mean that FSNB achieved a similar degree of the postoperative analgesia in CSE.

The fact that the incidence of intraoperative hypotension and bradycardia is higher in the CSE group than in the FSNB group reflects the more frequent use of ephedrine and atropine in the CSE group than in the FSNB group, though no statistically significant differences of the incidence and the frequency of use were found between groups. Chelly et al. \[[@B17]\] demonstrated that hypotension and bradycardia during surgery was significantly decreased with the use of 3-in-1 paravascular and sciatic blocks compared with epidural anesthesia, and Capdevila et al. \[[@B18]\] also reported a significantly elevated incidence of postoperative arterial hypotension in the continuous epidural infusion group, in comparison with the continuous femoral block group. In addition, the incidence of hypotension was higher in patients receiving epidural block than in patients receiving CSE \[[@B19]\], so it could be explained that relatively better hemodynamic stability in CSE compared with epidural block made incidence of intraoperative hypotension and bradycardia between the two groups in this study statistically indifferent.

The incidence of postoperative side effects, such as dizziness, sedation, postoperative nausea and vomiting (PONV), and pruritus, was similar between the two groups in the present study. Urinary retention, which is one of the most common side effects related to neuraxial blockade, could not be evaluated, because placement of urinary catheters were continued until 48 hours postoperatively in this observational study. Likewise, Davies et al. \[[@B20]\], who did not include urinary retention in the list of side effects, found no significant difference between the two methods. On the contrary, Zaric et al. \[[@B21]\], Singelyn et al. \[[@B22]\], Capdevila et al. \[[@B18]\], and Chelly et al. \[[@B17]\], who included urinary retention in the list of side effects, found less side effects occurred in the patients with a single-shot FSNB or continuous femoral nerve block.

Recently, introduction of ultrasound imaging techniques to peripheral nerve blocks decreases the dose of local anesthetics required to produce a successful surgical block and the time required to perform the procedures, and also provides improvements in onset and success of sensory block. Nevertheless, nerve stimulation should be an essential part of ultrasound guided technique, as ultrasound alone only had a 60% success rate \[[@B23]\]. Further, ultrasound-aided peripheral nerve stimulated block is perhaps the optimal way to achieve a successful block, especially at the beginning of a learning process \[[@B24]\]. Thus, unavailability of ultrasound at the time of FSNB implies the limitation of our study. By decreasing the dose of local anesthetics required for FSNB under ultrasound guidance, it should have been possible to perform an additional obturator block, which could not be blocked consistently by femoral 3 in 1 block. At this point, we are expecting that using ultrasound imaging techniques in performing FSNB and obturator block in the patient undergoing TKRA will yield more positive results than the present study.

Finally, there are no significant differences of intraoperative and postoperative parameters that we measured except intraoperative use of antihypertensives, analgesics, and sedatives. The results of this study demonstrate that FSNB in addition to a sophisticated use of intraoperative medications, such as sedatives, antihypertensives, and analgesics, provides effective unilateral anesthesia in patients undergoing TKRA as much as CSE. And early postoperative analgesia of single-shot FSNB performed at the beginning of the surgery was also similar to single-shot CSE. However, FSNB cannot be the first choice for TKRA, such as CSE or general anesthesia. It should be used as a third alternative for the situation where CSE or general anesthesia cannot be performed. In order to increase efficacy and safety of FSNB for TKRA, further investigations using ultrasound imaging are warranted. In conclusion, FSNB offers a beneficial alternative anesthesia and postoperative analgesia to the patients undergoing TKRA.
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Demographic Data
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Values are mean ± SEM or number of patients. CSE: combined spinal epidural anesthesia, FSNB: femoral/sciatic nerve block with lateral femoral cutaneous nerve block, ASA PS: American Society of Anesthesiologists physical status. ^\*^P \< 0.05 compared with CSE group.
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Postoperative Incidence of Side Effects
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Values are number of patients (percentage). PONV: postoperative nausea and vomiting, CSE: combined spinal epidural anesthesia, FSNB: femoral/sciatic nerve block with lateral femoral cutaneous nerve block, PO n hr: nth postoperative hour.
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The Data of Intravenous Patient-Controlled Analgesia
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Values are mean ± SEM. CSE: combined spinal epidural anesthesia, FSNB: femoral/sciatic nerve block with lateral femoral cutaneous nerve block, IV PCA: intravenous patient-controlled analgesia.
